β-Endorphin is known to stimulate phospholipase production by Malassezia pachydermatis during canine dermatoses. The role of β-endorphin in Malassezia infection in humans is not well studied. The present study compares the influence of β-endorphin on Malassezia globosa and Malassezia restricta isolated from patients with seborrhoeic dermatitis/dandruff (SD/D) and healthy controls. Malassezia isolates (five each of the two species from patients and healthy controls) were grown on modified Dixon's agar with or without 100 nmol/L β-endorphin. Phospholipase activity was quantified based on its ability to hydrolyze L-α-phosphatidylcholine dimyristoyl (phospholipid substrate). Free fatty acid was measured by a colorimetry method. In isolates from patients, the phospholipase activity significantly increased after exposure to β-endorphin (M. globosa, P = .04; M. restricta, P = .001), which did not occur in isolates from healthy controls. Moreover, after β-endorphin exposure the patient isolates had significantly higher (P = .0004) phospholipase activity compared to the healthy control isolates. The results suggest that isolates of M. globosa and M. restricta from patients may differ from those of healthy humans.
Introduction
Malassezia species are known to cause seborrhoeic dermatitis/dandruff (SD/D) in humans. The fungi are unable by Malassezia species help in the utilization of essential fatty acids from exogenous lipid sources. 2 Among these enzymes, phospholipases are considered as a virulent factor. Malassezia pachydermatis isolated from lesional areas of dogs produces higher amount of phospholipase compared to those isolated from non-lesional area. 3 The β-endorphin present in skin of dog with dermatoses stimulates phospholipase production from M. pachydermatis. 4 The nerve endings, keratinocytes, sebocytes, and melanocytes contain β-endorphin μ-opioid receptors. The β-endorphin activation modulates immunological and chemical activity of the skin. 5 β-Endorphin also affects lipogenesis of long-chain fatty acids and pigmentation. 6 Malassezia globosa and Malassezia restricta are commonly isolated from patients with SD/D. 7 The role of β-endorphin in modulating phospholipase production by these species during human infection is not well understood or explored. Hence, the present study was conducted to analyze and compare phospholipase activity of M. globosa and M. restricta isolated from patients with SD/D and healthy controls before and after stimulation with β-endorphin.
Materials and methods

Specimen collection and strains cultivation
Specimens were collected using a blunt scalpel from severely affected scalp lesions of SD/D patients and from vertex of healthy control scalp. The sampling was done at convenience of patients and controls by random screening. All isolates were cultured on Leeming and Notman agar (LNA) plates and incubated at 34
• C for 2-4 weeks. The isolates were identified based on phenotypic and molecular technique as described earlier. 8 Ten isolates of Malassezia (five-M. globosa and five-M. restricta) isolated from the lesional area of SD/D patients and the same number from healthy controls were included in the study. The study protocol was approved by the Institute Ethics Committee of Postgraduate Institute of Medical Education and Research, Chandigarh. The samples were collected after obtaining the informed consent of each subject.
Phospholipase activity of Malassezia before and after β-endorphin exposure Malassezia isolates were inoculated on modified Dixon's agar plate with or without 100 nmol/L β-endorphin (Sigma Aldrich, St. Louis, Missouri, USA) and incubated for seven days. 9 Extraction of extracellular protein was performed by the method described earlier with few modifications. 10 Each isolate was cultured on five sets of LNA plates at 34
• C for seven days. The cells were collected by scraping the agar surface using a sterile scalpel. After scraping the cells from the surface of the agar medium, the surface was rinsed twice with distilled water. LNA medium was crushed in a pestle-mortar and the resultant slurry was collected in 100 ml protein extraction buffer kept at 4
• C for 24 h. 10 The mixture was filtrated through Whatmann filter paper followed by 0.2 mm membrane filter (Millipore corporation, MA, USA). The resultant solution was concentrated with Amicon ultra centrifugal filter, ultracel-30 K (Millipore corporation, MA, USA). Phospholipase activity was quantified by the assay based on the hydrolysis of phospholipid substrate, L-α-phosphatidylcholine dimyristoyl. The assay was performed at 30
• C for 1 h and terminated by adding 1.25 ml methanol. 11 The released fatty acids were extracted by the rapid single step method. 12 The concentration of free fatty acid was measured by a colorimetry method using the half micro test kit (Roche, Basel, Switzerland). 11 The phospholipase activity on the basal media (LNA) was deducted from the value of the tests and controls to remove the background activity of the basal media. Each strain was tested in triplicate. One unit of phospholipase activity was defined as the amount of enzyme that released 1 μM of free fatty acid per minute.
Statistical analysis
The impact of β-endorphin exposure on phospholipase activity of M. globosa and M. restricta isolated from SD/D patients and healthy controls were compared by employing the unpaired t-test using the software GraphPad Prism, version 6.01. P < .05 was considered statistically significant.
Results
The source of the isolates and its phospholipase activity before and after stimulation with β-endorphin is provided in Table 1 and in Supplementary Table S1 . For both M. globosa and M. restricta isolates from SD/D patients, phospholipase activity significantly increased after stimulation with β-endorphin (M. globosa, P = .04; M. restricta, P = .001). In addition, after β-endorphin stimulation the overall phospholipase activity of the isolates from SD/D patients was significantly higher compared to isolates from healthy controls (Fig. 1b , P = .0004), indicating the presence of possible pathogenic strains within these two Malassezia species. The phospholipase activity after β-endorphin stimulation of M. globosa isolated from SD/D patients was significantly higher when compared to the isolates from healthy controls ( Fig. 1d , P = .022). Similarly, phospholipase activity after β-endorphin stimulation of M. restricta isolated from SD/D patients was significantly higher compared to the isolates from healthy controls ( Fig. 1f , P = .017). No significant difference of phospholipase activity between isolates from One unit of phospholipase activity is defined as the amount of enzyme that released 1 μM of free fatty acid per minute. Phospholipase activity expressed in mean ± SEM, * P < 0.05 was considered statistically significant.
patients and control was noted without β-endorphin stimulation
Discussion
In the present study, a significant increase in phospholipase activity after β-endorphin exposure was noted in patient isolates compared to those from healthy controls, whereas similar difference was not observed without β-endorphin stimulation. The finding was similar for both M. globosa and M. restricta isolates from SD/D patients. The whole genome sequence of M. globosa has revealed the presence of six phospholipase-C encoding genes, which are predicted to be transcribed and secreted enzymes, 1 and two phospholipase-D genes and one phospholipase-B gene, which are not known to be secreted. 1 
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The comparative genomics delineated the importance of lipases, phospholipases, peptidases and aspartyl proteases and their potential role in virulence and Malassezia nichespecificity. 18 Phospholipase of M. pachydermatis has been reported as a potential virulence factor in canine dermatoses. 3 M. sympodialis strains isolated from pityriasis versicolor patients showed higher phospholipase activity than strains derived from healthy controls. 19 These data suggest that phospholipase plays a major role in the pathogenesis of Malassezia-associated diseases. The occurrence of pathogenic subtypes has been described within M. furfur, M. globosa and M. restricta on the basis of molecular typing. 20, 21 Depending on the β-endorphin action (switch-on and switch-off phenomena) in a susceptible individual, the potential pathogenic subtypes may get activated to release higher amounts of phospholipase leading to dysfunction of the stratum corneum in SD/D. In concordance with our observation, Vlachos et al. showed recently that phospholipase activity of Malassezia isolated from SD lesions was stimulated by β-endorphin. 9 However, in the majority of the earlier studies phospholipase activity was measured by the semi-quantitative method using egg yolk plate. This technique is not specific as the presence of nonspecific substrates in the egg yolk along with triglycerides and phospholipids interfere with the assay. In addition, the formation of a zone of white precipitate renders its interpretation difficult. Hence in the present study, the phospholipase activity was quantitatively measured using a specific substrate following the technique described by Juntachai et al. with few modifications. 10 In that study, of phospholipase. The phospholipase may degrade the intercellular lipid of the stratum corneum resulting in dysfunction of the stratum corneum and exfoliations leading to SD/D. Future in vivo studies are warranted to prove this hypothesis.
